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CODE DIVISION MULTIPLE ACCESS 
SYSTEM WITH DYNAMIC HISTOGRAM 

CONTROL 

BACKGROUND OF THE INVENTION 

This invention relates to a code division multiple access 
(CDMA) system and, in particular, to an automatic gain 
control (AGC) loop for a CDMA system. 
CDMA systems intentionally combine a large number of 

different transmissions on the same channel at the same 
time. CDMA alloWs the different transmissions to interfere 
With each other in a controlled fashion. Although signals 
from different transmissions are combined on the same 

channel, the information of each transmission is recoverable 
because each transmission is subjected to a special addi 
tional level of encoding before it is sent. Each transmitter 
has its oWn unique code and it imparts an extra level of its 
unique coding on each signal transmission being transmit 
ted. Therefore, although many different transmissions are 
combined at the receiving end, each transmission maintains 
the unique signature (coding) imparted to that transmission. 
The receiver, in turn, “knoWs” the unique code of the signal 
it is looking for, and by applying this code as a kind of ?lter 
to the stream of radio energy in the channel, it can recover 
the desired signal from the background of all the other 
signals. 

To keep the poWer levels constant and the dynamic range 
of the CDMA system as high as possible the analog portion 
of the CDMA system processing the received analog CDMA 
signals requires the use of an automatic gain control (AGC) 
circuit. 
Due to the nature of Wireless transmission over the air and 

the activity of different users transmitting on the same 
channel the received signal poWer Will have a very large 
dynamic range, for example 50 dB. In order to have circuitry 
Which can reasonably process received signals Which have 
such a large dynamic range, the received signal must go 
through some sort of automatic gain control (AGC) circuitry 
to narroW doWn the ?uctuation before the received signal is 
applied to circuitry Which is used to process the signal and 
to extract information from the signal. It should be noted that 
the poWer of the received signal does not carry information. 
This explains Why information is not lost When the poWer is 
adjusted using an AGC circuit. 

To better utiliZe the hardWare processing the received 
signal, it is desirable that the AGC circuit maintain the 
poWer of the received signal as constant as possible. This is 
particularly so at the interface betWeen the AGC circuit and 
a subsequent analog-to-digital converter In order to 
maintain the poWer constant With a high degree of accuracy 
there are tWo sources of poWer ?uctuation Which have to be 
dealt With. One is the very rapid ?uctuation resulting from 
the poWer dynamic range in air due to multi-path fading, 
constant movement of the transmitter (mobile) relative to the 
receiver (cell-site) and similar conditions. The second is a 
very sloW ?uctuation due to temperature changes, compo 
nent aging, cable loss, and other component inaccuracies. It 
Would be very expensive and dif?cult to create a single AGC 
circuit to deal With these tWo sources of ?uctuation. Instead, 
as shoWn in FIG. 1A, it is more feasible to use tWo stages of 
AGC circuitry. The ?rst stage of AGC is used to perform, 
fast and gross adjustments Which bring the poWer level 
doWn to a narroW range. The second AGC stage is used to 
perform sloW and ?ne adjustments to bring the poWer level 
to a level Which is equal to an ideal level. 

A second AGC stage for processing CDMA signals in 
accordance With the prior art is of the type shoWn in FIG. 1B. 
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2 
FIG. 1B illustrates a system in Which a poWer sensing 
module is used to sense and control the gain of a baseband 
ampli?er. In response to an analog input signal, a demodu 
lator 6 produces an in-phase (I) and a quadrature (Q) signal 
Which are respectively applied to baseband ampli?ers (8a, 
8b). The poWer level of the signal at the outputs of ampli?ers 
8a and 8b is sensed by means of poWer sensing (9a, 9b) 
modules Which are used to control the gain of the baseband 
ampli?ers. To implement the second stage of the AGC 
circuit requires a module to sense the poWer of the received 
signal very accurately and to make a sloW adjustment to the 
baseband ampli?er. The poWer sensing module (9a, 9b) is 
required to perform an accurate poWer metering function 
and is generally a very expensive and complex analog 
circuit. The module Will constantly monitor the input poWer 
and Will decrease or increase the gain of the baseband 
ampli?er as a function of Whether, or not, the poWer mea 
sured over a last preceding ?xed interval exceeds a target 
point. 

HoWever, the circuit of FIG. 1B and similar circuits suffer 
from some problems. It is very dif?cult and expensive to 
implement analog circuitry to sense poWer accurately over a 
Wide temperature range. Analog components tend to be 
inaccurate and are subject to aging factors. In a CDMA 
system, the goal of the system is to process the received 
signal and generate a ?xed statistical histogram of the 
sampled input signal. In accordance With the prior art 
scheme, discussed above, the system is designed to maintain 
a ?xed poWer level. This is an indirect Way of trying to 
obtain an ideal statistical histogram. Moreover, maintaining 
the poWer level Within a ?xed range does not ensure that the 
sampled digital data Will yield an ideal histogram due to the 
inaccuracy in the AGC conversion circuit. 

SUMMARY OF THE INVENTION 

Applicants’ invention resides, in part, in the recognition 
that available histogram information Which may be, for 
example, an idealiZed statistically expected received signal, 
can be used for dynamic histogram control (DHC). 

Applicants’ invention also resides in the use of the 
histogram information to control an AGC loop. 

Applicants’ invention also resides in the use of the 
histogram information to control the gain of a baseband 
ampli?er. 

Applicants’ invention also resides in circuitry for adjust 
ing certain offsets to correct for asymmetry in the received 
signal. 

In a circuit embodying the invention, a baseband signal is 
applied to the input of an ampli?er. The output of the 
ampli?er is sampled via an analog-to-digital converter 
(ADC) and the output of the ADC is applied to a dynamic 
histogram control circuit Which stores a histogram contain 
ing a statistically expected response of the baseband signal. 
The output of the ADC is compared to the contents of the 
histogram for producing a control signal Which is applied to 
the control terminal of the ampli?er for controlling its gain. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying draWings like reference characters 
denote like components; and 

FIG. 1A is a block diagram of tWo stages of automatic 
gain control (AGC) circuitry used in prior art systems; 

FIG. 1B is a block diagram of a prior art AGC loop used 
in one of tWo stages of a prior art system; 

FIG. 2 is a histogram of an “idealized” response of a 
sampled baseband signal divided into levels or “bins”; 
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FIG. 3 is a block diagram of a portion of a CDMA circuit 
With an AGC loop embodying the invention; 

FIGS. 4A and 4B are Waveform diagrams of signals at the 
input and output of the baseband ampli?er; 

FIG. 4C is a Waveform diagram of samples corresponding 
to the signals of FIGS. 4A and 4B produced at the output of 
an analog-to-digital converter (ADC); 

FIG. 5A is a block diagram of a portion of a dynamic 
histogram control (DHC) circuit embodying the invention; 

FIG. 5B is a more detailed block diagram of the circuit of 
FIG. 5A; 

FIG. 6A is a block diagram shoWing circuitry to provide 
offset and amplitude adjustments in accordance With this 
invention; 

FIG. 6B is a more detailed diagram of a portion of FIG. 

6A; 
FIG. 7 is a block diagram of a system in accordance With 

the invention for controlling the gain and offset adjustments 
of in-phase and quadrature signals; and 

FIGS. 8A and 8B include simpli?ed block and Waveform 
diagrams to illustrate the problem of offset and its solution 
in accordance With the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Based on various experimental and statistical results a 
histogram of the type shoWn in FIG. 2A may be developed 
to indicate What the “ideal” or “expected” statistical 
response of the amplitude of a received baseband signal 
should look like and contain, in a CDMA circuit. This 
histogram is for purpose of illustration and it should be 
evident that many different responses may exist. 

For ease of illustration, the histogram for the in-phase (I) 
baseband signals is assumed to be the same as the histogram 
for the quadrature (Q) baseband signals. HoWever, it should 
be understood that the I and Q baseband signals could have 
different histograms. In any event, it is assumed that an ideal 
histogram of a signal to be received is available. In circuits 
and systems embodying the invention, this is the standard 
(reference) against Which a received signal is to be com 
pared and to Which it is adjusted. 

FIG. 2 is a histogram divided into 16 sections (0000 to 
1111) shoWing the “expected” or “idealized” amplitude 
response of the sampled signals and, as to each section, also 
referred to as a level or “bin”, the percentage of signal 
samples to be expected in each level (or bin) out of the total 
number of signal samples sampled during a given interval. 
By Way of example, referring to the ?rst tWo sections and the 
last tWo sections of FIG. 2, note that for a given number of 
samples in any given interval: 

(a) 6.74% of the samples should have an amplitude of 
0000 and 6.74% of the samples should have an ampli 
tude of 1111; and 

(b) 3.26% of the samples should have an amplitude of 
1000 and 3.26% should have an amplitude of 0111. 

The percentage of samples Within each level may be 
obtained by referring to FIG. 2. As detailed beloW, this 
“expected” or “ideal” histogram information is stored in a 
memory circuit located in a dynamic histogram control 
circuit 122. The memory circuit may be any one of a number 
of read only memories (ROMs) or any one of a number of 
random access memories (RAMs). 

The circuit of FIG. 3 illustrates an AGC loop in a CDMA 
system in accordance With the invention. An rf signal (or a 
corresponding analog input) present on line 101 is applied to 
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4 
the input of a demodulator 102 Which may be any one of a 
number of knoWn demodulators. 
The demodulator 102 produces an in-phase (I) baseband 

signal on output line 103 and a quadrature (Q) baseband 
signal on output line 104. The I signal is applied to the input 
113 of an ampli?er 114 having an output 115 and a control 
input 116. Ampli?er 114 may be any suitable operational 
ampli?er, e.g., an AD 828 manufactured by the Analog 
Devices Company. The output (Ia) of ampli?er 114 is 
applied to the input of a 4-bit analog-to-digital converter 
(ADC) 120 Whose output is applied via lines 121 to a 
dynamic histogram control (DHC) circuit 122. 
By Way of example, the I baseband signal applied to the 

input of ampli?er 114 may be of the type shoWn in FIG. 4A. 
This I-signal has a base frequency range of one KHZ to 630 
KHZ and normally has (or should have) a Gaussian distri 
bution With speci?c standard deviation. In response to the 
I-baseband input signal of FIG. 4A, ampli?er 114 produces 
an Ia signal at its output Which may have the form shoWn in 
FIG. 4B. By Way of example, FIG. 4B illustrates the output 
obtained from ampli?er 114 When the instantaneous gain of 
ampli?er 114 is about 0.7 for the selected period shoWn. The 
signal present at the output of ampli?er 114 is applied to, and 
sampled by, ADC 120. The amplitude of each sample is 
converted into a four bit signal. FIG. 4C illustrates the result 
of sampling the Waveform shoWn in FIG. 4B and that the 
amplitude of each sample may fall in any one of 16 levels. 
A sampled signal Whose maximum amplitude places it in a 
certain level is then assigned a 4-bit digital value corre 
sponding to that level. In practice, the Ia signal is sampled 
at a rate of more than 9 MHZ (actually 9.8304 MHZ). 
Sampling circuitry is Well knoWn and need not be detailed. 

In the circuit of FIG. 3, each input signal sampled by ADC 
120 is converted into a corresponding 4 bit digital signal 
ranging from 0000 to 1111. The 4 bit outputs from ADC 120 
are applied to DHC 122, parts of Which are detailed in FIGS. 
5A and 5B. As shoWn in FIG. 5A, DHC 122 includes a bank 
of comparators 23 for receiving and processing the 4 bit 
sampled signal at the output of ADC 120. The bank of 
comparators 23 are coupled to a corresponding bank of 
counters 25. The outputs from the counter 25 are applied to 
a processing unit 27 Which includes, or is arranged to 
receive, histogram information stored in a memory 29. That 
is, the memory array 29 storing the histogram information 
may be part of the processing units or may be a separate 
storing circuit. In this example, the microprocessor 27 is 
programmed to tabulate the contents of the bank of contents 
25, compare their contents to each other, compare their 
contents to the histogram information and perform calcula 
tions to produce at its output an 8 bit gain adjust signal Which 
is applied to an 8 bit DAC 124 (See FIG. 3). 

Part of the operation of DHC 122 may be explained With 
reference to FIG. 5B. 

a The system is arranged so that at a selected time the 
signal at the output of ampli?er 114 is sampled via ADC 120. 
Asampling interval is set and during each sampling interval, 
X data samples Will be taken from ADC 120 and, after 
processing via comparator bank 23, Will be stored in counter 
bank 25. For purpose of illustration assume X to be 2000, 
but, X may range from 1000 (or less) to 10,000 (or more). 
The greater the number of samples that are taken the better 
is the statistical estimation, but the sloWer is the response 
time and the adjustment. Each sampling (or collection) 
interval may be initiated by a “clear” pulse (produced by a 
control generator 271) Which is applied to the counter bank 
25, as shoWn in FIG. 5B. 

b In the embodiment shoWn in FIGS. 5A and 5B, the 
amplitude of each ADC sample can be in one of 16 states 
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de?ned by 4 bits (0000 to 1111). To sense the state or 
amplitude represented by each sample, each 4-bit sample is 
compared by means of 16 comparators, each comparator 
having a counter associated thereWith and each comparator/ 
counter combination de?ning a different state or “bin”. 

c In the embodiment of FIGS. 5A and 5B, there are 16 
“bins”. Each bin has a comparator and counter, as shoWn in 
FIG. 5B With each bin corresponding to a de?ned amplitude 
condition. Note that each “bin” in FIG. 5B corresponds to a 
like numbered bin in FIG. 2. 

d When one of the comparators detects a sample Which 
has an amplitude corresponding to the amplitude of that 
comparator, a signal is produced at the output of that 
comparator and the count of the counter corresponding to 
that comparator is increased by one (i.e., incremented). 

e At the end of the sampling interval (e.g., after 2,000 
samples), a count is taken of the contents of each counter. 
The information is fed into the processing unit 27, or like 
controller. 

f The processor 27 is programmed to calculate the ratio of 
the number of samples in each counter to the total number 
of samples (e.g., 2,000). 

g For example, the number of samples in bin 0000 and in 
bin 1111 may then be compared to the “expected” number 
Which should “ideally” be present according to the histo 
gram. Alternatively, the ratio of the bin contents may be 
compared as to the ratio in the histogram. 
Acomparison period is initiated or controlled by means of 

a “compare” pulse produced by control generator 271, as 
shoWn in FIG. 5B. If the ratio (or number of samples) of the 
received signal in the bins examined by the processing unit 
27 is greater than the expected histogram ratio (or number of 
samples) the gain of the ampli?er is decreased. Vice versa, 
if the ratio (or number of samples) of the received signals in 
the bins examined by the processing unit 27 is less than the 
expected histogram ratio (or number of samples), the gain of 
the ampli?er is increased. 

For purpose of illustration, the discussion has dealt pri 
marily With the examination and sensing of the ?rst and last 
bins (0000 and 1111). HoWever, it should be understood that 
any other set of bins, or all the bins may be sensed and 
compared. DHC 122 produces an 8-bit output Which (see 
FIG. 3) is coupled via line 123 to an 8-bit digital-to-analog 
converter (DAC) 124 Which may be any one of a number of 
knoWn DACs. The analog voltage output of DAC 124 is 
coupled via line 125 to the control input 116 of ampli?er 
114. This control signal then controls the gain of baseband 
ampli?er 114. 
As shoWn in the circuit of FIG. 3, the quadrature (Q) 

baseband signal may be processed in a similar manner as the 
I baseband signal. Thus, the Q signal on output line 104 is 
applied to the input 133 of an ampli?er 134 having an output 
138 and a control input 136. The output (Qa) of ampli?er 
134 is applied to the input of a 4-bit ADC 140 Whose output 
is applied via lines 141 to a dynamic histogram control 
(DHC) 142. The output of DHC 142 is coupled via line 143 
to an 8 bit DAC 144 Whose output is coupled via line 145 
to the control input 136 of ampli?er 134. This loop functions 
to adjust the gain of the baseband ampli?er 134 in a similar 
manner to that described above, and need not be described 
aneW. 

The histogram also may be used to adjust the symmetry, 
or lack thereof, of the received signal. This may be accom 
plished in accordance With the invention by using the 
histogram to generate a direct current (DC) level offset 
adjustment, as illustrated in FIGS. 6A and 6B. Referring to 
FIG. 6A, the output of ampli?er 114 is applied to one of tWo 
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6 
inputs of a summing netWork 117. The output of summing 
netWork 117 is applied to the input of ADC 120 Whose 
output is applied to an input of DHC 122a. DHC 122a of 
FIG. 6A may be similar to DHC 122 of FIGS. 3 and 5 but 
also includes the circuitry and programming to perform the 
functions indicated in FIG. 6B. That is, the processing unit 
27 is programmed to compare the contents of one counter 
(e.g., counter 1) versus a corresponding counter (e.g., 
counter 16). For the example shoWn in FIG. 6B, an input of 
a comparator, comp 1, senses the 0000 amplitude samples at 
the output of ADC 120 and an input of a comparator, comp 
16, senses the 1111 amplitude samples at the output of ADC 
120. The output of comp 1 is applied to a counter 1 (CNT 
1) and the output of comp 16 is applied to counter 16 (CNT 
16). The processing unit 27 is programmed to examine the 
counts in the ?rst (CNT 1) and last (CNT 16) bins and to 
compare their contents. For the histogram shoWn in FIG. 2, 
the number of samples in the tWo counters should be nearly 
equal. 
By comparing Whether the count of CNT 1 is greater than, 

equal to or less than the count of CNT 16, the processing unit 
27 and DHC 122a produce an 8-bit output direct current (dc) 
offset control signal on line 127 Which is fed to a DAC 128. 
DAC 128, in turn, produces an output signal Which is 
applied via a line 129 to a second input of summing netWork 
117. The signal on line 129 at the output of DAC 128 
functions to adjust the DC level or offset of the ampli?er 
output signal applied to the input of ADC 120. Thus, for 
example, if the number of samples in the left end section (bin 
0000) is higher than the right end section (bin 1111), the 
8-bit DAC 128 is used to inject a DC shift via summing 
point 117 to bring the received signal histogram back to 
symmetry. 

In addition to comparing the output of counter 1 to the 
output of counter 16, the number of samples in counter 1 and 
counter 16 are counted, as discussed above, to control the 
gain of the baseband ampli?er. That is, as in FIGS. 3 and 5, 
the processing unit 27 looks at the sum of the counts in CNT 
1 and CNT 16 to determine the ratio of samples in bins 1 and 
16 to the total number of samples and, depending on Whether 
the ratio is greater or less than the expected number, supplies 
a signal on line 123 Which is applied to DAC 124 Which then 
produces a gain adjust signal applied on line 125 for 
appropriately changing (increasing, decreasing or leaving 
unchanged) the gain of the baseband ampli?er. 

The role and effect of the dc level adjustment may be best 
explained With reference to FIGS. 8A and 8B, Which are 
simpli?ed idealiZed representations illustrating the dc offset 
problem and its solution. In FIG. 8A, an original input signal 
(EIN) is applied to the input of an ADC Which samples the 
input signal. The output of the ADC after being processed by 
a bank of comparators 23 and a bank of counters 25 Will 
include the number of signal samples in each bin (or Within 
each voltage level). For the example of FIG. 8A, the input 
signal applied to the input of the ADC is shoWn varying 
betWeen 4 volts and —2 volts. For purpose of example, the 
full amplitude of signals ranging from —4 volts to 4 volts is 
divided into 8 levels or bins going from 000 to 111. For the 
input signal EIN shoWn in FIG. 8A, the samples in each bin 
at the output of the ADC (and a comparator and comparator 
bank) Would be as shoWn in FIG. 8A. 

It is evident that the results are asymmetrical since bin 111 
contains 5 samples While bin 000 contains Zero samples. It 
may also be observed that the asymmetry is due to a dc shift 
of the input signal EIN. For this example, the addition or 
injection of a —1 Volt dc signal (Which amounts to a 
subtraction) restores a high degree of symmetry to the 
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sampled signals at the output of the ADC. Referring to FIG. 
8B, note that by adding (injecting) a —1 V level to the 
original input signal EIN the Waveform EIN (Y) at the output 
of the summer is shifted doWnWard by one volt, Without 
otherWise altering the amplitude or shape of the signal. 
HoWever, note that by introducing this shift, the symmetry 
of the signal is restored. This is evident from FIG. 8B Which 
indicates the output of the ADC after being processed by the 
bank of comparators 23 and the bank of counters 25. The 
number of samples in corresponding bins are equal or nearly 
equal, i.e., the number of samples in bin 111 is equal to the 
those in bin 000, the number of samples in bin 110 is equal 
to those in bin 001, the number of samples in bin 101is 
nearly equal to those in bin 010, and the number of samples 
in bin 100 is equal to those in bin 011. The purpose of 
feeding back a level adjust control signal in accordance With 
the invention is to effectuate this symmetrical type of result. 

FIG. 7 shoWs in block diagram form circuitry to accom 
plish amplitude (gain) adjustment and symmetry offset 
adjustment for both an in-phase (I) signal and for a quadra 
ture (Q) signal. The demodulator 102 has an in-phase (I) 
output and a quadrature (Q) output. The portion of the 
circuitry to process the I signal has already been described 
in FIGS. 6A and 6B and need not be repeated. The Q output 
is applied to circuitry Which is essentially identical to the 
circuitry used to process the I signal. The Q output is applied 
to the input 133 of a baseband ampli?er 134 having an 
output 138 at Which is produced the signal Qa Which is 
applied to one input of a summing netWork 137. The output 
of the summing netWork 137 is applied to the input of a 4 bit 
ADC 140 Whose output is applied to an input of a dynamic 
control circuit (DHC) 142a. DHC 142a may be similar to the 
DHC 122a shoWn in FIG. 6A and produces tWo outputs; a 
gain control output Which is applied via line 143 to 8-bit 
DAC 144 and a level control adjust output Which is applied 
via line 147 to an 8-bit DAC 148. The output of DAC 148, 
applied (or fed back) via a line 149 to summer 137, is a 
voltage Which is used to adjust the DC level and thereby the 
symmetry of the sampled signal Which is produced at the 
output of summer 137, as described above for FIGS. 6A and 
6B. The output of DAC 144 is applied (or fed back) via line 
146 to the control input 136 of ampli?er 134 to control the 
gain of baseband ampli?er 134, as described above. 

In the circuits of FIGS. 3, 5, 6A, 6B and 7, there is a 
separate DHC circuit associated With each baseband ampli 
?er and each DHC circuit has its oWn memory circuit. 
HoWever it should be appreciated that When the I and Q 
histograms are the same, a single memory circuit containing 
and storing the histogram may be shared by the DHC circuits 
in the I and Q loops. 

The invention has been illustrated using a CDMA input 
signal and a histogram generated for a CDMA system. 
HoWever, it should be appreciated that any system having 
similar characteristics are suitable for use With the invention. 
What is claimed is: 
1. A combination comprising: 
an ampli?er having an input terminal, an output terminal 

and a control terminal for the application thereto of a 
control signal for controlling the gain of the ampli?er; 

input means applying an input signal to the input terminal 
of the ampli?er; 

memory means storing a histogram Which contains a 
statistically eXpected amplitude distribution of the 
input signal; and 

means responsive to the output of the ampli?er and to the 
contents of the histogram stored in said memory means 
for comparing the output of the ampli?er With the 
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8 
contents of the histogram stored in the memory means 
for producing a gain control signal Which is applied to 
the control terminal of the ampli?er for controlling its 
gain. 

2. Acombination as claimed in claim 1, Wherein the input 
signal is a baseband signal Which includes signals generated 
by a code division multiple access (CDMA) system; and 

Wherein the ampli?er is a baseband ampli?er. 
3. A combination as claimed in claim 1, Wherein the 

means responsive to the output of the ampli?er and to the 
contents of the histogram includes: 

an analog-to-digital converter (ADC) having an input and 
an output; and 

means coupling the output of the ampli?er to the input of 
the ADC. 

4. A combination as claimed in claim 3, Wherein said 
means responsive to the ampli?er output and to the contents 
of the histogram includes: 

(a) comparator circuit means coupled to the output of the 

(b) counting means coupled to the comparator circuit 
means; and 

(c) processing means for processing the information in 
said counting means and the contents of the histogram 
for producing said gain control signal. 

5. A combination as claimed in claim 4, Wherein the 
means for producing said gain control signal Which is 
applied to the control terminal of the ampli?er includes a 
digital-to-analog converter (DAC) for producing the signal 
applied to the control terminal of the ampli?er. 

6. A combination as claimed in claim 3, Wherein said 
means coupling the output of the ampli?er to the input of the 
ADC includes a summing netWork coupling the signals at 
the output of the ampli?er to the input of the ADC; and 

Wherein said means responsive to the output of the 
ampli?er and to the contents of the histogram includes 
means for producing a level adjust control signal and 
means for feeding back the level adjust control signal 
to the summing netWork for adjusting the direct current 
(dc) level of the signals coupled betWeen the output of 
the ampli?er and the ADC. 

7. Acombination as claimed in claim 1, Wherein said input 
means applying the input signal to the input terminal of the 
ampli?er includes a demodulator having an input responsive 
to a radio frequency (rf) signal and having an in-phase (I) 
output and having a quadrature (Q) output; and Wherein one 
of said I and Q outputs is applied to the input of said 
ampli?er. 

8. A combination as claimed in claim 1, Wherein said 
means responsive to the output of the ampli?er and to the 
contents of the histogram includes: 

a summing netWork having ?rst and second inputs and an 
output; 

an analog-to-digital converter (ADC) having an input and 
an output; 

Wherein the output of the ampli?er is connected to the ?rst 
input of the summing netWork; 

Wherein the input of the ADC is connected to the output 
of the summing netWork for sampling the ampli?er 
output; 

comparator circuit means coupled to the output of the 
ADC; 

counting circuit means coupled to the comparator circuit 
means; 

processing means for processing the information in said 
counting means With the contents of the histogram for 
producing a level adjust control signal; and 
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means for feeding back the level adjust control signal to 
the second input of the summing network for adjusting 
the direct current (dc) level of the signals coupled 
betWeen the output of the ampli?er and the ADC. 

9. Acombination as claimed in claim 8 Wherein the means 
for feeding back the level adjust control signal to the 
summing netWork includes a digital-to-analog converter 
(DAC) having an input connected to an output of the 
processing means and having an output for supplying a 
control voltage to the summing netWork. 

10. A combination as claimed in claim 8 Wherein the 
comparator circuit means coupled to the output of the ADC 
includes inputs coupled to the output of the ADC for 
ascertaining the amplitude of the sampled signals and out 
puts for producing signals indicative of the amplitude of the 
sampled signals; and 

Wherein the counting circuitry coupled to the comparator 
circuit means includes means for counting the number 
of samples having certain amplitudes. 

11. A combination comprising: 
an ampli?er having an input terminal, an output terminal 

and a control terminal for the application thereto of a 
control signal for controlling the gain of the ampli?er; 

means applying an input signal to the input terminal of the 
ampli?er; 

a dynamic histogram control (DHC) circuit including 
means storing a histogram Which contains a statistically 
expected response of the input signal; and 

means comparing the output of the ampli?er With the 
contents of the histogram for producing a control signal 
Which is applied to the control terminal of the ampli?er 
for controlling its gain. 

12. A combination as claimed in claim 11, Wherein the 
input signal is a baseband input signal and includes signals 
generated by a code division multiple access (CDMA) 
system; and 

Wherein the ampli?er is a baseband ampli?er. 
13. A combination as claimed in claim 11, Wherein the 

dynamic histogram control circuit storing the histogram 
includes a memory circuit for storing the histogram. 

14. A combination as claimed in claim 11, Wherein the 
means for comparing the output of the ampli?er With the 
contents of the histogram includes an analog-to-digital con 
verter (ADC) having an input coupled to the output of the 
ampli?er for sampling the signals at the output of the 
ampli?er and having an output Which is coupled to the DHC 
circuit. 

15. A combination as claimed in claim 14, Wherein the 
DHC circuit includes comparator circuitry and counting 
means for comparing the output of the ADC With the 
contents of the stored histogram. 

16. A combination as claimed in claim 15, Wherein said 
means comparing the output of the ampli?er for producing 
the control signal Which is applied to the control terminal of 
the ampli?er includes a digital-to-analog converter (DAC) 
having an input section coupled to an output of the DHC 
circuit and having an output connected to the control ter 
minal of the ampli?er. 

17. A combination as claimed in claim 15, Wherein said 
means applying the input signal to the input terminal of the 
ampli?er includes a demodulator having an input responsive 
to a radio frequency (rf) signal and having an in-phase (I) 
output and having a quadrature (Q) output; and Wherein one 
of said I and Q outputs is applied to the input of said 
ampli?er. 

1O 

25 

35 

45 

55 

5 m 

10 
18. A combination comprising: 
an ampli?er having an input terminal, an output terminal 

and a control terminal for the application thereto of a 
control signal for controlling the gain of the ampli?er; 

input means applying an input signal to the input terminal 
of the ampli?er; 

a dynamic histogram control (DHC) circuit including 
means storing a histogram Which contains a statistically 
eXpected response of the input signal; 

means coupling the output of the ampli?er to the dynamic 
histogram control (DHC) circuit; and 

means comparing the output of the ampli?er With the 
contents of the histogram for producing a gain control 
signal Which is applied to the control terminal of the 
ampli?er for controlling its gain. 

19. A combination as claimed in claim 18, Wherein the 
input signal is a baseband signal Which includes signals 
generated by a code division multiple access (CDMA) 
system; and 

Wherein the ampli?er is a baseband ampli?er. 
20. A combination as claimed in claim 18, Wherein the 

dynamic histogram control circuit storing the histogram 
includes a memory circuit for storing the histogram. 

21. A combination as claimed in claim 18, Wherein the 
means coupling the output of the ampli?er to the dynamic 
histogram control (DHC) circuit includes an analog-to 
digital converter (ADC) having an input coupled to the 
output of the ampli?er for sampling the signals at the output 
of the ampli?er and having an output Which is coupled to the 
DHC circuit. 

22. A combination as claimed in claim 21, Wherein the 
DHC circuit includes comparator and counting circuitry 
coupled to the output of the ADC and processing means for 
comparing the output of the comparator and counting cir 
cuitry With the stored histogram. 

23. A combination as claimed in claim 22, Wherein said 
means for producing a control signal Which is applied to the 
control terminal of the ampli?er includes a digital-to-analog 
converter (DAC) having an input section coupled to an 
output of the DHC circuit and having an output connected to 
the control terminal of the ampli?er. 

24. A combination as claimed in claim 18, Wherein said 
input means applying the input signal to the input terminal 
of the ampli?er includes a demodulator having an input 
responsive to a radio frequency (rf) signal and having an 
in-phase (I) output and having a quadrature (Q) output; and 
Wherein one of said I and Q outputs is applied to the input 
of said ampli?er. 

25. A combination as claimed in claim 18, Wherein said 
means coupling the output of the ampli?er to the DHC 
circuit includes a summing netWork coupling the output of 
the ampli?er to the input of an analog-to-digital converter 
(ADC); and 

Wherein said means comparing the output of the ampli?er 
With the contents of the histogram includes means for 
comparing the output of the ADC With the contents of 
the histogram for producing a second control signal and 
means for feeding back the second control signal to the 
summing netWork for adjusting the direct current (dc) 
level of the signals coupled betWeen the output of the 
ampli?er and the input of the ADC. 

26. A combination as claimed in claim 18, Wherein said 
means coupling the output of the ampli?er to the dynamic 
histogram control circuit includes: 

a summing netWork having ?rst and second inputs and an 
output; 
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an analog-to-digital converter (ADC) having an input and 
an output; 

wherein the output of the ampli?er is connected to the ?rst 
input of the summing netWork; 

Wherein the input of the ADC is connected to the output 
of the summing netWork for sampling the ampli?er 
output; 

Wherein the output of the ADC is coupled to an input of 
the DHC circuit for supplying sampled signals thereto; 
and 

Wherein said means comparing the output of the ampli?er 
With the contents of the histogram includes means for 
producing a second control signal and means for feed 
ing back the second control signal to the second input 
of the summing netWork for adjusting the direct current 
(dc) level of the signals coupled betWeen the output of 
the ampli?er and the ADC. 

27. A combination as claimed in claim 26 Wherein the 
means for feeding back the control signal to the summing 
netWork includes a digital-to-analog converter (DAC) hav 
ing an input connected to an output of the DHC and having 
an output for supplying a direct current (dc) voltage to the 
summing netWork. 

28. A combination as claimed in claim 26 Wherein the 
dynamic histogram control circuit includes: 

comparator circuitry having an input coupled to the output 
of the ADC for ascertaining the amplitude of the 
sampled signals and having an output for producing 
signals indicative of the amplitude of the sampled 
signals; and 

counter circuitry coupled to the output of the comparator 
circuitry for counting the number of samples having 
certain amplitudes. 

29. A combination as claimed in claim 28 Wherein the 
DHC also includes a memory circuit for storing the histo 
gram and processing and control circuitry for performing 
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calculations and comparisons of sampled signals versus 
histogram information. 

30. A combination comprising: 
an ampli?er having an input terminal, an output terminal 

and a control terminal for the application thereto of a 
control signal for controlling the gain of the ampli?er; 

input means applying a baseband input signal to the input 
terminal of the ampli?er; 

an analog-to-digital converter (ADC) having an input and 
an output for sampling the signals at the output of the 
ampli?er and producing sampled signals corresponding 
thereto at the output of the ADC; 

means coupling the input of the ADC to the output of the 
ampli?er; 

means for coupling the output of the ADC to a dynamic 
histogram control (DHC) circuit, said DHC circuit 
including means for storing a histogram Which contains 
a statistically eXpected response of the baseband input 
signal; said DHC also including circuitry for comparing 
the sampled signals With the histogram for producing a 
gain control signal and a level adjustment control 
signal; 

means applying the gain control signal to the control 
terminal of the ampli?er for controlling its gain; and 

means applying the level adjustment control signal to the 
means coupling the output of the ampli?er to the input 
of the ADC for controlling the level of the sampled 
signals. 

31. A combination as claimed in claim 30 Wherein the 
means coupling the output of the ampli?er to the input of the 
ADC includes a summing netWork having a ?rst input 
coupled to the output of the ampli?er, a second input for 
receiving a signal corresponding to the level adjustment 
control signal and an output coupled to the input of the ADC. 

* * * * * 


